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Abstract
Integrated assessment models suggest that the large-scale deployment of bioenergy could contribute to
ambitious climate change mitigation efforts. However, such a shift would intensify the global competition
for land, with possible consequences for 1.5 billion smallholder livelihoods that these models do not
consider. Maintaining and enhancing robust livelihoods upon bioenergy deployment is an equally important
sustainability goal that warrants greater attention. The social implications of biofuel production are
complex, varied and place-specific, difficult to model, operationalize and quantify. However, a rapidly
developing body of social science literature is advancing the understanding of these interactions. In this
letter we link human geography research on the interaction between biofuel crops and livelihoods in
developing countries to integrated assessments on biofuels. We review case-study research focused on
first-generation biofuel crops to demonstrate that food, income, land and other assets such as health are key
livelihood dimensions that can be impacted by such crops and we highlight how place-specific and global
dynamics influence both aggregate and distributional outcomes across these livelihood dimensions. We
argue that place-specific production models and land tenure regimes mediate livelihood outcomes, which
are also in turn affected by global and regional markets and their resulting equilibrium dynamics. The
place-specific perspective suggests that distributional consequences are a crucial complement to aggregate
outcomes; this has not been given enough weight in comprehensive assessments to date. By narrowing the
gap between place-specific case studies and global models, our discussion offers a route towards integrating
livelihood and equity considerations into scenarios of future bioenergy deployment, thus contributing to a
key challenge in sustainability sciences.
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1. Introduction
Recent efforts to model climate change mitigation within
possible future energy systems have suggested that bioenergy
can play a major role. The special report on renewable
energy sources (SRREN) (IPCC 2011) indicates a global
potential deployment of biomass for bioenergy in the range
of 100–300 EJ yr−1 in 2050, with possibly more than
100 EJ yr−1 coming from dedicated bioenergy crops—
compared to about 11 EJ yr−1 in dedicated bioenergy crops
in 2008 (Chum et al 2011). Similarly, the Global Energy
Assessment suggests that the production of bioenergy crops
may increase by a factor of 10 in 2050 (Coelho et al 2012).
Such a high deployment of biomass for bioenergy would
require a massive agricultural transformation with significant
implications for both environmental and social change. The
global warming effects of induced land-use change and carbon
stock dynamics can negate mitigation from fuel substitution
(Fargione et al 2008, Searchinger 2012), a result that has
more recently been taken up in assessment models (Wise et al
2009, Creutzig et al 2012a). Models also consider potential
widespread impacts that such an agricultural transformation
would have on environmental resources, e.g. water, soil and
biodiversity (Erb et al 2012, Gerbens-Leenes et al 2009, Popp
et al 2011). But the global competition for land use (Lambin
and Meyfroidt 2011) is intensified by higher demand for
biofuels, and impacts not only ecological dimensions but also
directly about 1.5 billion smallholders7 and agro-pastoralists.
Hence, the aforementioned studies and assessments remain
deficient in two ways. First, they operationalize social impacts
as economic efficiency, economic growth, and sometimes
food prices, ignoring other important dimensions of human
wellbeing such as change in socio-economic and health
conditions. Second, the high level of spatial aggregation of
the assessments makes them blind to place-specific drivers
and distribution of impacts among different social groups and
geographical areas within countries.
As an example of a global energy assessment,
the SRREN mentions livelihoods as a relevant category
(p 58 and p 90), indicating positive outcomes of bioenergy
deployment for livelihoods (Chum et al 2011). However,
it neither considers livelihood impacts as a constraint to
deployment nor identifies factors shaping the interaction
between bioenergy and livelihoods. The mandate of the
SRREN focuses on cost-effective climate change mitigation
and does not extend to evaluating goals such as poverty
alleviation, other livelihood improvements, and ecological
sustainability. But climate change mitigation and economic
growth are ultimately not goals on their own but rather
means to achieve human wellbeing. Place-specific livelihood
impacts of bioenergy schemes are nuanced, differentiated
and insufficiently reflected in current bioenergy assessments
(German et al 2012, Creutzig et al 2012b). As a result,
the livelihoods of workers, smallholder farmers and local
populations, as well as distributional considerations are
systematically underexplored (Corbera and Pascual 2012,
7 See FAO (2012).
Creutzig et al 2012b). It is these gaps—livelihoods and
equity—that we seek to narrow.
In this letter, we systematically identify routes by which
bioenergy deployment can influence livelihoods, influenced
by global market dynamics and place-specific production
models. We analyze case studies that investigate livelihood
effects of cultivating the most common feedstocks for
first-generation biofuels, as these constitute the vast majority
of bioenergy schemes. Among these schemes, we investigate
specifically those in developing countries where agriculture
often remains a predominant source of livelihoods en large.
We focus on the cultivation of oil palm, jatropha, soy, cassava
and sugarcane. Section 2 addresses both global and local
drivers and effects of biofuel deployment on livelihoods.
Section 3 summarizes the livelihood effects in a conceptual
figure and an example. We then discuss how these insights
could be better incorporated in integrated assessments of
bioenergy deployment and provide an outlook on the potential
of second-generation biofuels for improving livelihoods in
section 4.
2. Place-specific and global processes shape how
bioenergy affects livelihoods
Livelihoods include ‘flows’, like income and food availability,
and ‘stocks’ such as land tenure, social and financial assets.
Gaining an income through a variety of on-farm and off-farm
activities constitutes a key pillar of most rural livelihoods,
allowing households and individuals to participate in markets
and to benefit from resource use (Ellis 2000, Tesfaye et al
2011). Food access is an obvious livelihood dimension,
which is often closely related to income but can also
be decoupled, particularly in non-market economies and
subsistence farming. Access to land and natural resources is
another crucial capability because it enables the production
of food for subsistence or sale, and provides other goods
and services including firewood and medicinal plants. Access
to land can also translate into land rents and flows of
income. Such access is mediated by tenure regimes, which
encompass property rights, and both formal and informal
social relations and systems of authority that influence who
gets access to and exercises control over land resources
(Ribot and Peluso 2003). Health constitutes a particularly
important asset that we include in our analysis as it is
influenced both by poverty levels and livelihood strategies,
including agricultural practices. We discuss each dimension in
turn, highlighting what has been covered in macro-economic
studies and contrasting with insights from bottom-up studies
of bioenergy feedstock cultivation.
2.1. Bioenergy and income
2.1.1. Macro-perspective. Biofuel deployment affects rural
income in two ways: indirectly via market-based multiplier
and equilibrium effects on the macro-scale, and directly
through changes in farm income or plantation wage income
at the micro-scale (Arndt et al 2011, Lima et al 2011). At
the macro-scale, biofuel market expansion is mostly driven
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by government policies. The US and EU blending mandates
are quantitatively most important, but China, India, Brazil
and many other countries also have mandates, tax breaks
or subsidies (Mitchell et al 2011). In models, the strongly
increasing demand for bioenergy leads to an aggregate
increase in generalized rural incomes (Golub et al 2012; see
also section 4). If higher wages are paid in biofuel jobs they
can put upward pressure on rural wages in general (Arndt et al
2011), which in turn may lead to increased expenditure and
second-round market effects of a different kind. However, if
agricultural wage levels increase, they can reduce the relative
purchasing power of the non-farm poor (Golub et al 2012).
2.1.2. Place-specific perspective. Specific income effects
depend on the production model underlying feedstock
cultivation. Common production modes include: plantations;
contract farming or outgrower schemes (formal, informal, in
association or not with an estate (nucleus) plantation, and
cooperatives); independent smallholder farming (operating
mainly through spot market transactions); and subsistence
farming (mainly for own consumption). Sugarcane and
soy tend to be grown in large-scale operations because
mechanical harvesting substantially lowers labor costs—a
production model of high capital and low labor intensity.
Mechanization of production can increase wages and improve
labor conditions for those in skilled positions, but also
reduce the number of jobs in areas where plantations
substitute smallholder farming (Clancy 2013). Unskilled work
in plantations is mostly seasonal, low-paid, and conditions
have been judged to be sometimes inhumane, fostering
exclusion (Clancy (2013); see A1 in table 1). In some
contexts, sugarcane contract farmers may not even benefit
economically from cultivation due to the control that the
sugarcane company exercises on the costs of tillage, seedcane
and transportation costs (Waswa et al 2009). Local production
of biofuels for local use is often cited as the most promising
way for bioenergy to produce livelihood benefits (Achten
et al 2010, Ejigu 2008, Milder et al 2008), but relatively
few peer-reviewed studies of this production model exist.
Unlike feedstocks that can also be marketed for food or
other products, jatropha tends to be newly deployed for
energy production, both in plantations and on smaller scales.
Insufficient agronomic knowledge of the plant and low
profitability have hampered its success (Ariza-Montobbio
et al 2010, Grimsby et al 2012, Hunsberger 2014).
The choice of feedstock affects growers’ income because
of the production cycle and labor requirements. Farmers
who plant slow-growing feedstocks (e.g. jatropha, oil palm)
must be able to defer income streams until plants produce a
harvest—a situation that favors the participation of better-off
farmers with other income sources or adequate savings
(McCarthy 2010, Schoneveld et al 2011, Skutsch et al
2011). The scale of production also shapes income gains
and distribution. Smallholders face higher risk of crop
failure or lower yields than large farmers due to smaller
financial resources for upfront investment and management
(see A2 in table 1). However, smallholder contract farming
schemes can benefit from economies of scale in certain
functions (e.g. standards conformity, input supply, and
crop procurement) while enjoying the advantages of family
farming regarding labor management and land tenure. The
realization of these benefits and their distribution between
the contractor and the contracted smallholders will depend
in turn on several factors, especially adequate resources and
good market access of the scheme operator, low barriers to
scheme entry for smallholders, the distribution of costs in
the production cycle, and the existence of alternative market
outlets for the producers (Gibbon et al 2010, Key and Runsten
1999, Kirsten and Sartorius 2002, Waswa et al 2009). Local
competition for produce can put upward pressure on the price
paid to the outgrower but can increase the risk for the scheme
operator, who depends on a given level of supply to recover
operation costs and maintain market position.
Contractual arrangements are thus crucial to determine
the distribution of income gains and losses in bioenergy
production. Policies and power relations shape value chains,
determining the distribution of value added, and the inclusion,
expulsion, and repositioning of actors. Often ‘downstream’
actors such as importers and retailers set the terms of
participation, seizing a substantial part of the value added
(Bolwig et al 2010). Uneven benefit-sharing may also result
from value capture at the local nodes of the chain, by local
authorities and farmer cooperatives (Rist et al 2010) (see A3
in table 1). Hence, inclusion is not an end in itself. When
terms of participation in a global value chain are unfavorable,
voluntary exclusion and the pursuit of alternative activities
are preferable (Du Toit 2004, Hospes and Clancy 2011).
Contract farming supplying standards-heavy value chains has
yielded measurable benefits to smallholders, but only under
certain and sometimes restrictive conditions (Bolwig et al
2013, Miyata et al 2009). If smallholders gain ownership in
downstream processing facilities or negotiate agreements that
ensure revenue sharing of value-addition, relatively equitable
outcomes can be achieved (Rist et al 2010, Clancy 2013).
2.2. Bioenergy and food security
2.2.1. Macro-perspective. The cultivation of bioenergy
feedstock interacts with food security by affecting indi-
viduals’ physical or economic access to food, considering
the nutritional, safety and preferential aspects of food
consumption as well as the inter-temporality of access
(Pinstrup-Andersen 2009). For instance, it can alter patterns
of food production, household income and food affordability
for farmers, workers, and the non-farm poor. These processes
occur both at the macro-scale, e.g. via rising food prices,
and at the micro-scale, e.g. via changes in crop cultivation
patterns. Increased biofuel production (e.g. the shift from
maize to ethanol production in the US) has been connected
to increased food prices (in particular the maize price in
Latin America) (Mitchell 2008), as well as political food
crises, and even the Arab Spring (Werrell and Femia 2013).
But increased biofuel production also reduces the prices
of energy input needed for growing food plants, possibly
also dampening food prices. Interactions between food and
bioenergy markets are complex also on regional scale. One
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Table 1. Examples of the effects of first-generation biofuel crops on rural livelihoods.
Bioenergy and income
A1: mechanization
sugarcane and soy
In rural Brazil, mechanization trends have been linked to the continuation and even
worsening of social exclusion, as better-off farmers in richer regions have benefited
more from producing energy crops than poorer farmers in less-productive regions.
Policies have played a significant role: financial incentives through the ProAlcool
program created further advantages for large-scale sugar sugarcane producers. For
biodiesel, large-scale soy is increasingly dominant despite policy measures that
aimed to encourage castor production from small-scale farmers (Hall et al 2009)
A2: capital requirement
oil palm and Jatropha
In Jambi Province, Indonesia, oil palm production favored resource-rich farmers
and excluded those with fewer resources. Participants in an oil palm scheme for
Javanese settlers received a stipend for one year, after which they relied on income
from casual plantation labor while waiting for their oil palm plots to mature. These
wages were so low that up to half of the settlers sold their plots and moved back to
Java before their oil palm became productive (McCarthy 2010). High credit
requirements were also found to create dependency among Jatropha growers in
Tamil Nadu, India (Ariza-Montobbio et al 2010)
A3: contractual arrangements
cassava
In Banteay Chhmar, Cambodia, cassava production (a driver of deforestation)
produced low incomes but high risks for smallholders, whereas middlemen and
traders had considerable profit rates. A collapse in cassava prices in 2009 required
smallholders that had reduced their cropping diversity to sell their land to repay
debts and acquire food (Hought et al 2012)
Bioenergy and food security
B1: food access
oil palm
In Papua, Indonesia, the establishment of 20 000 ha of oil palm plantations on
former clan-controlled forest land led to a significant decline in food access for the
indigenous population, mainly because of decreased opportunities for hunting,
fishing, and collecting forest resources, and reduced access to farm land
(Obidzinski et al 2012). Few people were able to compensate for this loss of direct
food access through paid employment on the plantations, and individual oil palm
growing was not possible. Hence 100% of the ‘former landowners’ and ‘customary
users’ interviewed experienced reduced access to food, while 93% experienced an
overall negative change in livelihoods. Among plantation workers, 56%
experienced an increase in consumption. But 46% still reported an overall negative
change in livelihood
B2: food production
Jatropha
In Tamil Nadu, India, Jatropha growing was found to significantly reduce food
production (edible oil, staples and vegetables) both for sale and household
consumption, as Jatropha replaced food crops and occupied more than 50% of the
landholding. It also reduced the availability of crop residues for animal fodder.
Crop diversity was reduced as mature Jatropha was grown as a monoculture.
Reduced food production was not offset by higher income; at observed yields,
economic returns for growing Jatropha were consistently negative. Planting
Jatropha decreased livelihood diversity and made the income of smallholder
farmers more precarious (Ariza-Montobbio and Lele 2010)
Bioenergy and land tenure
C1: loss of customary land
Jatropha
In Ghana, a foreign biofuel company acquired large contiguous areas of land
without regard to customary land rights. Sixty-nine households lost land without
consent or compensation. Loss of access to farmland and forests, and in turn to
food and various income sources, disproportionately impacted women and migrant
farmers. In contrast, plantation employee households gained stability and security
in income flow. Social conflict reportedly increased as plantation workers became
less able to help with communal labor (Schoneveld et al 2011)
C2: institutional shortcomings
oil palm
In Central Kalimantan Province, Indonesia, the establishment of oil palm
plantations and palm oil mills since around 2000 has led to a significant
deterioration of local water resources, with negative effects on fish stock, rice
farming, access to drinking water, and health (skin disease) in three villages
(Klocker-Larsen et al 2012). Environmental laws exist to protect water resources
and to ensure that Environmental Impact Assessment are performed prior to
obtaining concession permits, and a water law stipulates water use
rights—including establishing recognition of customary rights. These
environmental and social regulations were not implemented in practice; the losses
of the villagers were not compensated and their grievances not addressed
4
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Table 1. (Continued.)
Bioenergy and health
D1: burning biomass
sugarcane
Burnt sugarcane harvesting in Brazil has been found to increase blood pressure
among healthy male workers (Barbosa et al 2012). It has also been associated with
higher incidence of respiratory problems and reduced lung function compared to
non-harvesting periods, not only among plantation workers but also among
residents of a nearby town (Prado et al 2012). In Sao Paolo province, the onset of
biomass burning led to a 30% increase in asthma-related hospital admissions in a
neighboring city (Arbex et al 2007). Hospitalizations due to asthma were also
significantly higher during sugarcane field burning in Louisiana, United States
(Boopathy et al 2002)
D2: water pollution
oil palm
In three sites in Kalimantan and Papua, Indonesia, large-scale clearing of forest for
oil palm plantations led to siltation of waterways and swamps used as sources of
fresh water for domestic needs (Obidzinski et al 2012). In eastern Papua, river
water could no longer be used for domestic use due risk of contamination from
pesticides and herbicides. Air pollution from dust and smoke coming from the
plantation and mill sites were also considered significant hazards in two sites.
Respectively, 24%, 27% and 31% of respondents in the three sites reported an
increase in human disease after the establishment of oil palm plantations
modeling study suggests that biofuel expansion can reduce
the area cultivated with traditional export cash crops (in
Mozambique and Tanzania), but can lead either to a decrease
(Mozambique) or an increase (Tanzania) in food production
depending on local factors such as land availability and the
labor intensity of traditional cash crop production (Arndt et al
2011). Appreciation of the real exchange rate caused by the
rapid expansion of biofuel exports can explain this dynamic.
In both cases, appreciation crowds out traditional export crops
that experience a price reduction in domestic currency. In
Tanzania some of this production is then substituted by food
production; in contrast, biofuel production substitutes for food
production in Mozambique. Other equilibrium effects would
be an increase in food prices in Mozambique, and a decrease
in Tanzania, and a reduction of income of traditional cash crop
producers and workers.
2.2.2. Micro-perspective. The relationship between
feedstock cultivation and food security at the micro-scale
is equally complex. Extended cultivation of cash crops
has been identified as a key factor determining local food
security (Bolwig 2012, Ericksen 2008, Fafchamps 1992,
Von Braun 1995); this is likely to apply to bioenergy
feedstocks as well. On one hand, it may increase food
access by raising crop revenue, e.g. by providing better
access to fertilizers, incentivizing an increase in volume,
and reducing the unit cost of production. And it may
lead to savings that become reinvested in food production,
non-farm employment, or children’s education for longer
term benefits (Davis et al 2009). The income obtained from
biofuel production can be used to buy additional food thereby
increasing household nutrition. On the other hand, it may
reduce own food production by diverting scarce factors of
production away from food crop farming, reducing food
access (Obidzinski et al (2012)—B1 in table 1). Also the
timing of a feedstock’s peak labor requirements can lead to
decreased food production in situations of labor scarcity in
a smallholder context (Mingorrı´a and Gamboa 2010). These
outcomes are shaped by place-specific gender dynamics,
market design, and food price volatility which together
render predictions of bioenergy deployment on food security
uncertain (Alene et al 2008, Bolwig 2012, Raynolds 2002).
Evidence suggests that the risks associated with relying solely
on cash crop income for food access may render a partial
self-sufficiency strategy more attractive (Fafchamps 1992).
Partial cash cropping can provide direct benefits in terms
of agricultural development to all farmers, including those
who do not grow cash crops (Govereh and Jayne 2003), and
also result in higher agro-biodiversity and in situ conservation
(Bangwayo-Skeete et al 2012).
2.3. Bioenergy and land tenure
2.3.1. Macro-perspective. Biofuel deployment leads to a rise
in land value and can reorganize tenure regimes. Policies, such
as blending mandates, contribute to an appreciation of land
value within the mandated region and world wide, depending
on the degree of trade liberalization (Banse et al 2008).
An increase in yield productivity can make land formerly
considered ‘marginal’ commercially attractive, leading to
further expansion of biofuel feedstocks.
2.3.2. Micro-perspective. Forced or voluntary displacement
from other land uses, such as subsistence agriculture, forest
commons or livestock grazing, often leads to loss of
customary land rights and land access conditions (Schoneveld
et al (2011); see C1 in table 1), as well as to indirect land-use
change (Lima et al 2011). At the local scale, households
and communities without formal land titles can see their
access to land compromised, or be excluded from production
schemes and their associated benefits (Skutsch et al 2011).
In some circumstances, women loose informal access to
land and resources more easily than men (Schoneveld et al
2011). Subsequently, women see their household and farm
labor-time budgets disproportionately increase (Julia and
White 2012, Mingorrı´a and Gamboa 2010, Skutsch et al
5
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2011). Such distributional effects derived from the interplay
of biofuel deployment and land tenure can be felt at
distinct spatio-temporal scales, some being experienced even
before biofuel deployment occurs, including displacement of
‘landless’ or informal tenure holders through investments or
land grabs (Baka 2013).
The benefits, costs and distributional consequences of the
interplay between bioenergy and land tenure can again be
related to the production model. In Mozambique, Jatropha
cultivation in outgrower schemes allowed smallholders to
accrue land rents, whereas the land rents of sugarcane
plantations were transferred to absentee investors (Arndt
et al 2009). Where large-scale bioenergy production is
organized through policy incentives and land-use planning
from the top-down, the rural poor can become vulnerable to
dispossession if they do not hold official land title (Cotula
et al 2008, Vermeulen and Cotula 2010). Traditional land
owners and communal use of resources can experience
restrictions as a result of both plantations and outgrower
schemes, with households that previously relied on forest
resources for income and food shifting to other sources
of livelihood (Julia and White (2012), Obidzinski et al
(2012); see also C2 in table 1). The transfer of land rights
to large-scale operations reduces income and livelihood
opportunities for local communities and leads regularly to
conflict over land rights (Marti 2008, McCarthy 2010).
In contrast, land tenure security may buffer against social
conflict and facilitate biofuel and agricultural developments
(Smalley and Corbera 2012). In situations where land is
relatively plentiful and infringement on traditional land rights
is scarce, biofuel deployment can lead to changes in land use
without necessarily triggering social conflict. For example,
Jatropha cultivation in Zambia did not seem to restrict local
food crop production, although it still produced unequal
economic outcomes (German et al 2011). In summary, biofuel
deployment often but not always compromises land tenure of
some groups, usually those with weaker position. The effect
is distinctly shaped by production model, politics and power
relations, and pre-existing land use.
2.4. Bioenergy and health
2.4.1. Macro-perspective. Biofuel plantations can indirectly
improve public health if additional income streams enable
financial access to drugs and health care. Food insecurity has
direct impacts on public health (Yngve et al 2009). Hence, it
is possible that health and food security could deteriorate in a
vicious cycle.
2.4.2. Micro-perspective. Health enables household
members to engage in crop cultivation and other social and
economic activities. Plantations can facilitate the transmission
of malaria or dengue by allowing their vectors to survive
throughout the year or find more suitable breeding and
survival conditions (Tanga et al 2011). Exposure levels
to herbicides and other agricultural chemicals and their
composition are insufficiently monitored (Mink et al 2012,
Williams et al 2012) and are often unknown to workers
(Gupta 2012). Social relations can also be eroded by biofuel
deployment. In Ghana, plantation workers had insufficient
time to help with communal labor leading to social conflict
(Schoneveld et al 2011) and in Guatemala, households
employed by oil palm plantations dedicated less time to
communal activities (Mingorrı´a and Gamboa 2010). Biomass
burning in sugarcane plantation leads to detrimental health
outcomes (Goldemberg et al 2008) including respiratory
diseases, both among workers and in neighboring towns (D1
in table 1).
3. Livelihood outcomes summarized
Section 2 has reviewed studies that illustrate actual or
potential impacts of bioenergy feedstock deployment on
rural livelihoods, considering global and local dynamics.
Global and regional models can already capture potentially
relevant income and food security effects, and can identify
groups that profit or lose from bioenergy deployment.
However, they fall short of scrutinizing changes in capabilities
and assets, and remain restricted in their treatment of
distributional equity due to crude resolution of distributional
dynamics. At the micro-scale, research reveals that the
production model plays a key role in determining income
gains or losses, food security, land tenure conflicts and
health effects for workers and communities. The smallholder
production model benefits livelihoods more when it is labor
intensive, when it enables smallholders to participate in
value creation along the supply chain, and when it is
pursued alongside food production. Large-scale production
may involve higher land productivity, but also requires
considerable financial and human capital, increasing the risk
that income inequalities will result, sometimes mirrored in
health impacts and social exclusion. While plantation workers
usually experience increased income, reductions in food
production and community activities due to time constraints
must also be accounted for. Those who obtain or keep formal
land rights tend to profit from bioenergy deployment by
reaping a higher land rent, while those who lose formal
or—more often—informal land rights and access to land and
its ecosystem services see a reduction in their land-related
livelihoods. This can be particularly acute if deployment takes
place through plantations that do not offer new opportunities
to the dispossessed. As those with formal land rights usually
have more capital to start with, and those without rights have
less access to institutions and money, distributional inequities
are often increased by formalization and consolidation of land
rights. These main effects are summarized in the conceptual
diagram of figure 1.
Assessing how these effects are distributed is crucial.
As an example, a recent study of oil palm production in
Indonesia by independent growers and outgrowers contracted
to nucleus estates reveals aggregate and distributional effects
that generate winners and losers (Obidzinski et al 2012).
Smallholders reported increased income from producing oil
palm and non-participants benefited from spillover demand
effects in other economic sectors. However, these economic
benefits were unequally distributed: ‘former land owners’
6
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Figure 1. Biofuel deployment affects livelihoods via global and local processes.
and ‘customary land users’ lost while (migrant) landowners
with formal title gained. Access to capital reportedly served
as a barrier to participation and whilst most stakeholders
reported improved access to food, oil palm replaced cash
crops and some food crops on smallholder land. Land
values also increased, benefiting those with plots, but
conflicts over land occurred, both between communities and
companies and between traditional landowners and migrants.
The loss of customary rights to cropland, mentioned by
over half (53%) of respondents in one site, was more
likely to affect households without formal land titles. The
expansion of oil palm also reduced access to forest products
and services—including fallows for shifting agriculture—
affecting women’s livelihoods more than men’s. Oil palm
production reduced the quality and quantity of available fresh
water, caused soil erosion and water logging, and increased
flooding. If one looked only at aggregate outcomes, this case
would suggest that mildly positive outcomes occurred in three
of the four livelihood dimensions. But once distributional
outcomes are also considered, the analysis would suggest that
inequities were perpetuated or widened in all four livelihood
dimensions. Particularly for land and income, gains (for some)
have been offset by increased inequality in the distribution of
outcomes (figure 2).
4. Reconsidering livelihoods in integrated
assessments
In spite of this growing evidence that bioenergy deployment
has effected or may effect income, food security, land
tenure and other assets, global integrated assessment studies
consider livelihoods only generically and are operationalized
by focusing on global market effects. Golub et al (2012)
investigate the livelihood impact of global land-based climate
policies (not bioenergy deployment), focusing on income and
food security. They find that restricting deforestation and
agricultural expansion for food production leads to increased
income and food availability in farm households due to price
appreciation, but mostly a decrease in real income and food
availability for the non-farm poor. As biofuel production puts
similar pressure on arable land and food production, it is
likely to produce similar livelihood effects on the agricultural
food-sector and non-farming livelihoods. Golub et al’s study
is the first to try to quantify livelihood effects of climate
policies systematically and globally. However, by modeling
a representative farming household it assumes complete and
equal value capture by rural households, and underestimates
the distribution of benefits and costs at the micro-scale, e.g. by
not representing livelihood assets.
Our analysis demonstrates that deployment schemes
do not only affect aggregate income and food availability.
Schemes also impact land tenure and the quality or
availability of other assets, particularly finance and health.
More importantly, the design of deployment schemes also
has distributional consequences across the four outcome
dimensions we considered (income, food, land, and health).
We therefore argue that to be policy relevant, integrated
assessments should comprehensively consider livelihood
outcomes of bioenergy deployment, summarized in table 2.
Our analysis suggests a likely tension between aggregate and
equity impacts that needs to be made explicit in bioenergy
assessments to better support decision-making.
A first attempt to bring livelihoods into integrated
assessment models could include introducing distributional
parameters. For example, distinct parameters could repre-
sent the fractions of households (percentage of affected
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Figure 2. Assessment of livelihood outcomes for smallholder oil palm producers in Indonesia, based on qualitative data reported in
Obidzinski et al (2012). The color-coding represents our qualitative evaluation of data given in the literature and remains indicative.
Changes are shown relative to a priori conditions.
Table 2. Possible livelihood outcomes from bioenergy deployment. Normal text denotes benefits or harms considered by integrated
assessments, notably Golub et al (2012). Bold text denotes outcomes not included in integrated assessments.
Livelihood aspect Benefits Harms
Income and occupation Higher total income Lower purchasing power of
non-farm poor
Multiplier effects Lower income of displaced people
Exclusion of non-monetary
occupations
Food Higher security with higher income Lower food access for non-farm poor
Reduced food supply from
subsistence farming
Land Higher land rent for formal land
owners
Lower access to land and
ecosystem services, particularly
for those without land titles
Other assets New education, health and
production infrastructure
Detrimental health impacts
Higher savings Social conflicts
Indebtedness
households) with improved or reduced (A) income, (B) food
access, (C) land tenure and (D) health as a result of
deployment schemes. We are aware that such parameters
are highly uncertain and would still be insufficient to
cover all place-specific effects. But the current practice
of ignoring the distributional outcome is also a strong
normative choice that can lead to misguided policy. Integrated
assessment would turn from optimization models towards
multi-criteria assessments that rely on scenarios that take into
account potential distributional consequences at household
and community levels: the combined outcome in efficiency,
GHG emissions, livelihoods, and equity could be the more
complex but also the more comprehensive basis for policy
decisions (Creutzig and Kammen 2009). One could still object
that aggregate livelihood and equity issues are problems that
can be analyzed and solved independently from each other
(this is the main claim of the second welfare theorem),
but our analysis clearly highlights that these issues remain
entangled. The choice of production model, the underlying
and evolving land tenure regimes, global biofuel markets and
equilibrium effects on food markets, all affect both aggregate
and distributional outcomes. Hence, equity should be included
in a full set of criteria for bioenergy assessments. It is likely
that this conclusion is also valid more generally for other
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climate and energy assessments, such as those focusing on
other technological but also behavioral options.
Our analysis remains limited in focusing on first-
generation crop-based biofuels. Jatropha is however some-
times considered a second-generation biofuel, but is similarly
prone to detrimental distributional issues (Findlater and
Kandlikar 2011) that need to be explicitly considered in
comprehensive assessments. More generally, we suspect that
second-generation bioenergy plantations would on the one
hand provide higher income and land rent with higher
yields compared to first-generation biofuels but again would
marginalize local populations that live from informal land
tenure. The utilization of residues and the cascade utilization
of biomass is however also seen as a promising route
for providing energy (Haberl and Geissler 2000, WBGU
2009) and could improve existing livelihoods. Future research
should explore this direction.
Finally, we recognize that our analysis does not tackle
a key conundrum: how can livelihoods be assessed globally
if each deployment scheme has effects that depend on
various place-specific factors? A comprehensive assessment
by human geographers and agricultural economists could
elucidate which kind of distributional livelihood effects need
to be accounted for, and which biofuel deployment schemes
(crops, institutional arrangements, land tenure schemes) have
more advantageous outcomes. The diversity of approaches,
methods and analytical categories could be roughly mapped
using integrated livelihood assessment figures resembling
figure 2, and assessments could rank deployment scenarios
in terms of their impact on livelihood dimensions. We
see ample opportunity to soft-couple integrated assessment
models with local livelihood analyses and CGE and partial
equilibrium sector models. This could elucidate both risks
and opportunities of bioenergy deployment for livelihoods.
The ultimate art is to ensure that pathways and production
models not only produce positive aggregate outcomes, but
that they simultaneously respect and improve place-specific
livelihoods. If specific deployment schemes are unlikely to
achieve these goals, they should not be pursued.
References
Achten W M J, Maes W H, Aerts R, Verchot L, Trabucco A,
Mathijs E, Singh V P and Muys B 2010 Jatropha: from global
hype to local opportunity J. Arid Environ. 74 164–5
Alene A D, Manyong V M, Omanya G, Mignouna H D, Bokanga M
and Odhiambo G 2008 Smallholder market participation under
transactions costs: maize supply and fertilizer demand in
Kenya Food Policy 33 318–28
Arbex M A, Martins L C, De Oliveira R C, Pereira L A A,
Arbex F F, Cancado J E D, Saldiva P H N and Braga A L F
2007 Air pollution from biomass burning and asthma hospital
admissions in a sugar cane plantation area in Brazil
J. Epidemiol. Community Health 61 395–400
Ariza-Montobbio P and Lele S 2010 Jatropha plantations for
biodiesel in Tamil Nadu, India: viability, livelihood trade-offs,
and latent conflict Ecol. Econ. 70 189–95
Ariza-Montobbio P, Lele S, Kallis G and Martinez-Alier J 2010 The
political ecology of Jatropha plantations for biodiesel in Tamil
Nadu, India J. Peasant Stud. 37 875–97
Arndt C, Benfica R, Tarv F, Thurlow J and Uaiene R 2009 Biofuels,
poverty, and growth: a computable general equilibrium analysis
of Mozambique IOP Conf. Ser.: Earth Environ. Sci. 6 102008
Arndt C, Msangi S and Thurlow J 2011 Are biofuels good for
African development? An analytical framework with evidence
from Mozambique and Tanzania Biofuels 2 221–34
Baka J 2013 The political construction of wasteland:
governmentality, land acquisition and social inequality in
South India Dev. Change 44 409–28
Bangwayo-Skeete P F, Bezabih M and Zikhali P 2012 Crop
biodiversity, productivity and production risk: panel data
micro-evidence from Ethiopia Nat. Resour. Forum 36 263–73
Banse M, Van Meijl H, Tabeau A and Woltjer G 2008 Will EU
biofuel policies affect global agricultural markets? Eur. Rev.
Agric. Econ. 35 117–41
Barbosa C M G et al 2012 Burnt sugarcane harvesting—
cardiovascular effects on a group of healthy workers, Brazil
PLoS ONE 7 e46142
Bolwig S 2012 Poverty and gender effects of smallholder organic
contract farming in Uganda Uganda Strategy Support Program
(USSP) Working Paper 8 (Washington, DC: International Food
Policy Research Institute)
Bolwig S, Ponte S, Du Toit A, Riisgaard L and Halberg N 2010
Integrating poverty and environmental concerns into
value-chain analysis: a conceptual framework Dev. Policy Rev.
28 173–94
Bolwig S, Riisgaard L, Gibbon P and Ponte S 2013 Challenges of
agro-food standards conformity: lessons from East Africa and
policy implications Eur. J. Dev. Res. 25 408–27
Boopathy R, Asrabadi B R and Ferguson T G 2002 Sugar cane
(Saccharum officinarum L) burning and asthma in Southeast
Louisiana, USA Bull. Environ. Contam. Toxicol. 68 173–9
Chum H et al 2011 Bioenergy IPCC Special Report on Renewable
Energy Sources and Climate Change Mitigation
ed O Edenhofer et al (Cambridge: Cambridge University Press)
Clancy J 2013 Biofuels and Rural Poverty (London: Earthscan)
Coelho S T, Agbenyega O, Agostini A, Erb K-H, Haberl H,
Hoogwijk M, Lal R, Lucon O, Masera O and Moreira J R 2012
Land and water: linkages to bioenergy Global Energy
Assessment—Toward a Sustainable Future (Cambridge:
Cambridge University Press) (Laxenburg: International
Institute for Applied Systems Analysis) pp 1459–525
chapter 20
Corbera E and Pascual U 2012 Ecosystem services: heed social
goals Science 335 655–6
Cotula L, Dyer N and Vermeulen S 2008 Fuelling Exclusion? The
Biofuels Boom and Poor People’s Access to Land (London:
International Institute for Environment and Development)
Creutzig F, Popp A, Plevin R J, Luderer G, Minx J and Edenhofer O
2012a Reconciling top-down and bottom-up modeling on
future bioenergy deployment Nature Clim. Change 2 320–7
Creutzig F, Von Stechow C, Klein D, Hunsberger C, Bauer N,
Popp A and Edenhofer O 2012b Can bioenergy assessments
deliver? Econ. Energy Environ. Policy 1 65–82
Creutzig F S and Kammen D M 2009 The post-copenhagen
roadmap towards sustainability: differentiated geographic
approaches, integrated over goals Innovations 4 301–21
Davis B, Winters P, Reardon T and Stamoulis K 2009 Rural
nonfarm employment and farming: household-level linkages
Agric. Econ. 40 119–23
Du Toit A 2004 ‘Social exclusion’ discourse and chronic poverty: a
South African case study Dev. Change 35 987–1010
Ejigu M 2008 Toward energy and livelihoods security in Africa:
smallholder production and processing of bioenergy as a
strategy Nat. Resour. Forum 32 152–62
Ellis F 2000 The determinants of rural livelihood diversification in
developing countries J. Agric. Econ. 51 289–302
9
Environ. Res. Lett. 8 (2013) 035047 F Creutzig et al
Erb K-H, Haberl H and Plutzar C 2012 Dependency of global
primary bioenergy crop potentials in 2050 on food systems,
yields, biodiversity conservation and political stability Energy
Policy 47 260–9
Ericksen P J 2008 Conceptualizing food systems for global
environmental change research Glob. Environ. Change
18 234–45
Fafchamps M 1992 Cash crop production, food price volatility, and
rural market integration in the third world Am. J. Agric. Econ.
74 90–9
FAO 2012 Smallholders and Family Farmers (Rome: FAO)
Fargione J, Hill J, Tilman D, Polasky S and Hawthorne P 2008 Land
clearing and the biofuel carbon debt Science 319 1235–8
Findlater K M and Kandlikar M 2011 Land use and
second-generation biofuel feedstocks: the unconsidered
impacts of Jatropha biodiesel in Rajasthan, India Energy
Policy 39 3404–13
Gerbens-Leenes W, Hoekstra A Y and Van der Meer T H 2009 The
water footprint of bioenergy Proc. Natl Acad. Sci.
106 10219–23
German L, Schoneveld G C and Gumbo D 2011 The local social
and environmental impacts of smallholder-based biofuel
investments in Zambia Ecol. Soc. 16 12
German L, Schoneveld G C and Pacheco P 2012 Special issue: local
social and environmental impacts of biofuels Ecol. Soc. 16
Gibbon P, Akyoo A, Bolwig S, Jones S, Lin Y and Rants L L 2010
An analysis of organic contract farming schemes in East Africa
Global Agro-Food Trade and Standards ed P Gibbon,
S Ponte and E Lazaro (Basingstoke: Macmillan)
Goldemberg J, Coelho S T and Guardabassi P 2008 The
sustainability of ethanol production from sugarcane Energy
Policy 36 2086–97
Golub A A, Henderson B B, Hertel T W, Gerber P J, Rose S K and
Sohngen B 2012 Global climate policy impacts on livestock,
land use, livelihoods, and food security Proc. Natl Acad. Sci.
at press (doi:10.1073/pnas.1108772109)
Govereh J and Jayne T S 2003 Cash cropping and food crop
productivity: synergies or trade-offs? Agric. Econ. 28 39–50
Grimsby L K, Aune J B and Johnsen F H 2012 Human energy
requirements in Jatropha oil production for rural electrification
in Tanzania Energy Sustain. Dev. 16 297–302
Gupta A 2012 Pesticide use in South and South-East Asia:
environmental public health and legal concerns Am. J. Environ.
Sci. 8 152–7
Haberl H and Geissler S 2000 Cascade utilization of biomass:
strategies for a more efficient use of a scarce resource Ecol.
Eng. 16 111–21
Hall J, Matos S, Severino L and Beltra˜o N 2009 Brazilian biofuels
and social exclusion: established and concentrated ethanol
versus emerging and dispersed biodiesel J. Cleaner Prod.
17 (Suppl. 1) S77–85
Hospes O and Clancy J S 2011 Unpacking the discourse on social
inclusion in value chains Value Chains, Social Inclusion and
Economic Development: Constrasting Theories and Realities
(London: Routledge) pp 23–41
Hought J, Birch-Thomsen T, Petersen J, De Neergaard A and
Oelofse M 2012 Biofuels, land use change and smallholder
livelihoods: a case study from Banteay Chhmar, Cambodia
Appl. Geogr. 34 525–32
Hunsberger C 2014 Jatropha as a biofuel crop and the economy of
appearances: experiences from Kenya Rev. Afr. Political Econ.
at press
IPCC 2011 IPCC Special Report on Renewable Energy Sources and
Climate Change Mitigation. Prepared by Working Group III of
the Intergovernmental Panel on Climate Change
ed O Edenhofer et al (Cambridge: Cambridge University Press)
Julia and White B 2012 Gendered experiences of dispossession: oil
palm expansion in a Dayak Hibun community in West
Kalimantan J. Peasant Stud. 39 995–1016
Key N and Runsten D 1999 Contract farming, smallholders, and
rural development in Latin America: the organization of
agroprocessing firms and the scale of outgrower production
World Dev. 27 381–401
Kirsten J and Sartorius K 2002 Linking agribusiness and small-scale
farmers in developing countries: is there a new role for contract
farming? Dev. Southern Afr. 19 503–29
Klocker-Larsen R, Jiwan N, Rompas A, Osbeck M, Jenito J and
Tarigan A 2012 Fish deaths and failed harvests: EU biofuels
policy and water resource management in the Central
Kalimantan oil palm sector COBREN: Presented at the
Copenhagen Biofuels Research Network (Copenhagen,
November 2012)
Lambin E F and Meyfroidt P 2011 Global land use change,
economic globalization, and the looming land scarcity Proc.
Natl Acad. Sci. 108 3465–72
Lima M, Skutsch M and De Medeiros Costa G 2011 Deforestation
and the social impacts of soy for biodiesel: perspectives of
farmers in the South Brazilian Amazon Ecol. Soc. 16 4
Marti S 2008 Losing Ground: The Human Rights Impacts of Oil
Palm Plantation Expansion in Indonesia (London: Friends of
the Earth, Life Mosaic and Sawit Watch)
McCarthy J F 2010 Processes of inclusion and adverse
incorporation: oil palm and agrarian change in Sumatra,
Indonesia J. Peasant Stud. 37 821–50
Milder J C, McNeely J A, Shames S A and Scherr S J 2008 Biofuels
and ecoagriculture: can bioenergy production enhance
landscape-scale ecosystem conservation and rural livelihoods?
Int. J. Agric. Sustain. 6 105–21
Mingorrı´a S and Gamboa G 2010 Metabolismo Socio-Ecolo´gico de
Comunidades Campesinas Q’eqchi’ y la Expansio´n de la
Agro-Industria de Can˜a de Azu´car y Palma Africana: Valle del
Rı´o Polochic, Guatemala (Barcelona: Instituto de Ciencia y
Tecnologı´a Ambientales, Universidad Auto´noma de Barcelona
(ICTA/UAB)) (Mixco: Instituto de Estudios Agrarios de la
Coordinacio´n de ONGs y Cooperativas
(IDEAR/CONGCOOP))
Mink P J, Mandel J S, Sceurman B K and Lundin J I 2012
Epidemiologic studies of glyphosate and cancer: a review
Regul. Toxicol. Pharmacol. 63 440–52
Mitchell C et al 2011 Policy, financing and implementation IPCC
Special Report on Renewable Energy Sources and Climate
Change Mitigation ed O Edenhofer et al (Cambridge:
Cambridge University Press)
Mitchell D 2008 A note on rising food prices World Bank Policy
Research Working Paper 4682 (Washington, DC: The World
Bank Development Prospects Group)
Miyata S, Minot N and Hu D 2009 Impact of contract farming on
income: linking small farmers, packers, and supermarkets in
China World Dev. 37 1781–90
Obidzinski K, Andriani R, Komarudin H and Andrianto A 2012
Environmental and social impacts of oil palm plantations and
their implications for biofuel production in Indonesia Ecol.
Soc. 17 25
Pinstrup-Andersen P 2009 Food security: definition and
measurement Food Secur. 1 5–7
Popp A, Dietrich J, Lotze-Campen H, Klein D, Bauer N, Krause M,
Beringer T, Gerten D and Edenhofer O 2011 The potential
contribution of bioenergy to climate change mitigation
including its costs and side effects Environ. Res. Lett. 6 034017
Prado G F et al 2012 Burnt sugarcane harvesting: particulate matter
exposure and the effects on lung function, oxidative stress, and
urinary 1-hydroxypyrene Sci. Total Environ. 437 200–8
Raynolds L T 2002 Wages for wives: renegotiating gender and
production relations in contract farming in the dominican
republic World Dev. 30 783–98
Ribot J C and Peluso N L 2003 A theory of access Rural Sociol.
68 153–81
10
Environ. Res. Lett. 8 (2013) 035047 F Creutzig et al
Rist L, Feintrenie L and Levang P 2010 The livelihood impacts of
oil palm: smallholders in Indonesia Biodiversity Conserv.
19 1009–24
Schoneveld G C, German L A and Nutakor E 2011 Land-based
investments for rural development? A grounded analysis of the
local impacts of biofuel feedstock plantations in ghana Ecol.
Soc. 16 10
Searchinger T 2012 Global consequences of the bioenergy
greenhouse gas accounting error Energy, Transport, & the
Environment (Berlin: Springer) pp 679–711
Skutsch M, De los Rios E, Solis S, Riegelhaupt E, Hinojosa D,
Gerfert S, Gao Y and Masera O 2011 Jatropha in Mexico:
environmental and social impacts of an incipient biofuel
program Ecol. Soc. 16
Smalley R and Corbera E 2012 Large-scale land deals from the
inside out: findings from Kenya’s Tana Delta J. Peasant Stud.
39 1039–75
Tanga M C, Ngundu W I and Tchouassi P D 2011 Daily survival
and human blood index of major malaria vectors associated
with oil palm cultivation in Cameroon and their role in malaria
transmission Trop. Med. Int. Health 16 447–57
Tesfaye Y, Roos A, Campbell B M and Bohlin F 2011 Livelihood
strategies and the role of forest income in
participatory-managed forests of Dodola area in the bale
highlands, southern Ethiopia Forest Policy Econ. 13 258–65
Vermeulen S and Cotula L 2010 Over the heads of local people:
consultation, consent, and recompense in large-scale land deals
for biofuels projects in Africa J. Peasant Stud. 37 899–916
Von Braun J 1995 Agricultural commercialization: impacts on
income and nutrition and implications for policy Food Policy
20 187–202
Waswa F, Netondo G, Maina L, Naisiko T and Wangamati J 2009
Potential of corporate social responsibility for poverty
alleviation among contract sugarcane farmers in the Nzoia
Sugarbelt, Western Kenya J. Agric. Environ. Ethics 22 463–75
WBGU 2009 World in Transition—Future Bioenergy and
Sustainable Land Use (Bingley: Emerald)
Werrell C E and Femia F 2013 The Arab Spring and Climate
Change—A Climate and Security Correlation Series
(Washington, DC: Center for American Progress)
Williams A L, Watson R E and DeSesso J M 2012 Developmental
and reproductive outcomes in humans and animals after
glyphosate exposure: a critical analysis J. Toxicol. Environ.
Health B 15 39–96
Wise M, Calvin K, Thomson A, Clarke L, Bond-Lamberty B,
Sands R, Smith S J, Janetos A and Edmonds J 2009
Implications of limiting CO2 concentrations for land use and
energy Science 324 1183–6
Yngve A, Margetts B, Hughes R and Tseng M 2009 Food
insecurity—not just about rural communities in Africa and
Asia Public Health Nutr. 12 1971–2
11
